The use of electronic interventions (e-interventions) may improve treatment of alcohol misuse.
A lcohol misuse is a broad term that incorporates a spectrum of severity, ranging from hazardous use that exceeds guideline limits to misuse severe enough to meet criteria for an alcohol use disorder (AUD). Table 1 provides a glossary of terms along this spectrum. To address the impairment related to alcohol misuse (1) from a public health perspective, the U.S. Preventive Services Task Force recommends screening and brief intervention (2, 3) , an approach that reduces alcohol consumption by 3 to 4 drinks per week for up to 12 months after the intervention (4) . Screening and brief intervention sessions typically consist of brief assessment, followed by personalized normative feedback and advice to adhere to recommended drinking limits, which are typically defined for men as consuming 4 standard drinks or fewer (1 drink equals 14 g of alcohol) on any day and 14 drinks or fewer per week and for women as 3 drinks or fewer on any day and 7 drinks or fewer per week (5) .
Alcohol misuse counseling, including screening and brief intervention, is constrained by barriers, such as inadequate funding, time, and trained personnel (6 -8) . In addition, the efficacy of screening and brief intervention in settings other than primary care is not established (9) . Electronic interventions (e-interventions) may address some barriers and extend the reach of treatment by reducing demands for clinician time and clinic space while increasing the number of persons who can access treatment and their frequency of accessing treatment. With 87% of the U.S. population using the Internet (10), e-interventions can potentially reach persons with drinking problems who wish to remain anonymous, lack the time or resources for traditional therapy, need to access therapy during nonstandard business hours, or live in rural areas (11, 12) .
Previous systematic reviews that evaluated e-interventions for alcohol misuse have generally found short-term benefits (13) (14) (15) (16) (17) , but examination of maintenance of intervention effects is needed. Two recent systematic reviews have reported follow-up outcomes at 6 months or longer. However, they did not analyze college student and noncollege adult trials separately (13, 17) , despite distinctions between these groups in patterns of alcohol consumption and associated impairment (18, 19) . In addition, previous systematic reviews have generally not reported on the efficacy of e-interventions for AUDs (13) (14) (15) (16) (17) or provided detailed descriptions of treatment intensity, including amount and type of human support (13, 14, 17) .
To characterize treatment intensity for alcohol misuse and evaluate evidence for their efficacy, we did a systematic review of randomized, controlled trials (RCTs). We compared e-interventions for alcohol misuse with inactive or minimal intervention controls for reducing alcohol consumption and alcohol-related impairment in adults and college students for 6 months or longer. search strategies are shown in Appendix Table 2 (available at www.annals.org). We reviewed bibliographies of included trials and applicable systematic reviews for missed publications (14, 15, (21) (22) (23) (24) (25) . To assess for publication bias, we searched ClinicalTrials.gov for trials that met our eligibility criteria (26) and found 2 trials that were completed at least 1 year before our literature search but were unpublished.
Trial Selection
Two reviewers used prespecified eligibility criteria to assess all titles and abstracts. The full text of potentially eligible trials was retrieved for further evaluation. We included RCTs that compared e-interventions with inactive or active controls in patients with alcohol misuse or an AUD. We reported effects on alcohol consumption or another eligible outcome at 6 months or longer (Appendix Table 3 , available at www.annals .org). E-interventions could be delivered by CD-ROM, online, mobile applications, or interactive voice response (a technology that allows a computer to interact with humans using voice and signaling over analog telephone lines). Two investigators assessed for eligibility, and disagreements were resolved by team discussion or a third reviewer.
Data Extraction and Quality Assessment
Data abstractions were done by 1 reviewer and confirmed by a second. We assessed each trial's risk of bias using criteria specific for RCTs and summarized overall risk of bias as low, moderate, or high using the approach described by the Agency for Healthcare Research and Quality (26). The Appendix (available at www.annals.org) shows questions and the rationale for quality ratings criteria, and detailed quality ratings for each included trial are displayed in Appendix Table 4 (available at www.annals.org).
Data Synthesis and Analysis
We evaluated the overall strength of evidence for selected outcomes as high, moderate, low, or insufficient using the domains of directness, risk of bias, consistency and precision of treatment effects, and risk of publication bias (27) . Table 2 shows strength-ofevidence domain and overall ratings.
While synthesizing abstracted data, we classified the e-interventions by the level of supplementary human support. Level 1 included e-interventions with no human support; level 2 included e-interventions supplemented by noncounseling interactions with study staff, such as technical support; and level 3 included e-interventions supplemented by counseling with trained staff.
The key outcomes were alcohol consumption, meeting recommended alcohol consumption limits, rates of binge drinking, alcohol-related health, social or legal problems, health-related quality of life, and adverse effects. When at least 3 trials reported a given outcome, we did a meta-analysis. We combined continuous outcomes by using mean differences (MDs) or standardized MDs when instruments varied and combined dichotomous outcomes by using risk ratios in random-effects models. Alcohol consumption was converted to a common unit (grams per week) across trials. We used metafor package in R (R Foundation for Statistical Computing) (28) to calculate summary estimates of effect, stratified by condition and sample (college students vs. adults), at 6 and 12 months, with KnappHartung adjustment of SEs of the estimated coefficients (29, 30) . When at least 3 trials were rated as low or moderate risk of bias, we excluded trials rated as high risk of bias and did sensitivity analyses to compute summary estimates. We evaluated statistical heterogeneity in treatment effects by using the Cochran Q and I 2 statistics. We planned subgroup analyses, specifying a priori, to explore the following potential sources of heterogeneity: follow-up rates, treatment dose, and level of human support given with the intervention. However, these analyses could not be done because subgroups did not meet the prespecified minimum of 4 trials per subgroup (31) . When there were too few trials for quantitative synthesis, we analyzed data qualitatively, focusing on identifying novel aspects of the e-intervention and patterns of efficacy.
Role of the Funding Source
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RESULTS
We reviewed 100 full-text articles of the 856 citations that were screened and identified 28 trials that met eligibility criteria (Appendix Figure 1 , available at www.annals.org). The populations were divided between college students (n = 14) and noncollege adults (n = 14). Only 3 trials specifically recruited participants who were at high risk for or who had an AUD. The other 25 trials recruited participants who misused alcohol. A single trial used a mobile device as the delivery platform (32) . Strength of evidence for each outcome is summarized in Table 2 .
E-Intervention Characteristics and Support
Seventeen trials were "minimal" support (level 1) interventions that used no human support, 8 used "low" noncounseling support (level 2), and 3 included "moderate or high" (level 3) counseling support. Summary characteristics and support for e-interventions are listed in Table 3 . Most trials examined a 1-time intervention (n = 19), delivered online or at a desktop computer (n = 24), that compared a person's alcohol consumption with his or her peer group norm (n = 19). When supplementary human support was used (for 7 trials that enrolled adults and 3 that enrolled students), it was typically limited, consisting only of technical support from a research assistant in more than one half of the cases (for 4 trials that enrolled adults and 3 that enrolled students). However, therapeutic support varied substantially, with some e-interventions supplemented by 1.5 to 6.5 hours of support (33) (34) (35) (36) .
The modal intervention was a single session designed to moderate alcohol consumption in persons who screened positive for alcohol misuse on an alcohol questionnaire. Five trials offered 2 to 5 sessions with the e-intervention (for 3 trials that enrolled adults and 2 that enrolled students) (37-40), 1 trial offered 62 sessions (38) , and 3 trials (32, 41, 42) offered participants unlimited access to the program. The most common e-intervention component was personalized normative feedback (for 8 trials that enrolled adults and 12 that enrolled students), but the breadth, intensity, and type of e-interventions that we combined in meta-analyses were heterogeneous. Other common treatment techniques were goal setting (for 7 trials that enrolled adults and 3 that enrolled students), psychoeducation (for 9 trials that enrolled adults and 7 that enrolled students), and coping skills training (for 3 trials that enrolled adults and 2 that enrolled students). E-interventions also varied in duration, ranging from a single, 2-minute interaction to as many as 62 interactions for more than 1 year (36) . Comparators ranged from only wait list or assessment to attention or information controls.
All trials that used relatively intensive human support (n = 3) were conducted in adults (33) (34) (35) , and 2 (34, 35) used interactive voice response. One intervention (34) used a motivational interview followed by 60 days of interactive voice response with reminder calls as needed and two 10-to 15-minute follow-up counseling sessions. Another intervention used 180 days of interactive voice response with 1 group that used reminder calls as needed (35) . One intervention used four 30-to 40-minute follow-up phone calls for counseling from trained psychologists (33) .
E-Interventions for Hazardous Alcohol Use Compared With Inactive Control Groups
We included 25 trials of e-interventions versus inactive controls in participants who misused alcohol. Three trials of adults were rated as low, 7 as moderate, and 4 as high risk of bias. Five trials of students were rated as low, 8 as moderate, and 1 as high risk of bias.
Alcohol Consumption
The mean baseline alcohol consumption in 7 trials that enrolled adult samples ranged from 129 to 436 grams per week (median, 235 grams per week) (36, 40, (43) (44) (45) (46) (47) , including 2 rated as high risk of bias. E-interventions were associated with no statistically significant effect on alcohol consumption at 6-month follow-up (MD, Ϫ25.0 grams per week [95% CI, Ϫ51.9 to 1.9]) ( Figure 1) ; heterogeneity was moderate (Q = 11.1; P = 0.085; I 2 = 46.1%) and was likely due to 1 trial rated as high risk of bias that included a more intensive treatment (44) . A sensitivity analysis that was limited to 5 trials rated as low or moderate risk of bias found a small, statistically significant reduction in alcohol consumption with no heterogeneity (MD, Ϫ16.7 grams per week [CI, Ϫ27.6 to Ϫ5.8]; I 2 = 0%). In 5 trials that reported 12-month follow-up (33, 42, 43, 45, 47) , e-interventions were not associated with a statistically significant reduction in alcohol consumption (MD, Ϫ8.6 grams per week [CI, Ϫ53.7 to 36.5]); heterogeneity in treatment effects was high (Q = 14.8; P = 0.005; I 2 = 72.9%) and was likely due to increases in drinking in the e-intervention group in 1 trial (45) . Removal of the 1 trial rated as high risk of bias from 12-month follow-up analyses also resulted in no statistically significant effect on alcohol consumption (MD, Ϫ5.5 grams per week [CI, Ϫ79.0 to 68.1]; I 2 = 79%). In college students, mean alcohol consumption at baseline ranged from 85 to 439 grams per week (me-dian, 183 grams per week). In 11 trials rated as low to moderate risk of bias that used 14 comparisons (37-39, 48 -55), e-interventions were associated with a small, statistically significant reduction in alcohol consumption at 6-month follow-up (MD, Ϫ11.7 grams per week [CI, Ϫ19.3 to Ϫ4.1]) (Figure 2) , with low heterogeneity in treatment effects (Q = 14.4; P = 0.34; I 2 = 9.9%). In 5 trials that used 7 comparisons of 12-month follow-up assessments of alcohol consumption in college students (37, 39, 51, 54, 56) , including 1 trial rated as high risk of bias, analyses revealed no statistically significant reduction in alcohol consumption (MD, Ϫ4.7 grams per week [CI, Ϫ24.5 to 15.1]), with moderate heterogeneity in treatment effects (Q = 11.6; P = 0.072; I 2 = 48.3%). Removal of the trial rated as high risk of bias produced a similarly statistically insignificant effect (MD, Ϫ0.3 grams per week [CI, Ϫ17.5 to 16.8]) but with lower heterogeneity (Q = 7.2; P = 0.21; I 2 = 30%).
Drinking Limit Guidelines
In 4 trials that reported the proportion of participants meeting drinking limit guidelines at 6 months (40, 43, 44, 57) , including 2 trials rated as high risk of bias, e-interventions had no statistically significant effect on meeting guidelines (risk ratio, 1.22 [CI, 0.79 to 1.89]) (Appendix Figure 2 , available at www.annals .org), with moderate heterogeneity in effect sizes (Q = 6.5; P = 0.088; I 2 = 54.2%) that was influenced most heavily by 1 trial rated as high risk of bias (44) . One trial rated as low risk of bias in students (38) reported elevated probability of meeting drinking limits in the e-intervention group at 6 months (odds ratio, 1.53 [CI, 1.09 to 2.17]). No trials reported on meeting drinking limits at 12 months.
Binge Drinking
In adults, 1 trial rated as moderate risk of bias found similar proportions of binge drinkers in the e-intervention (23%) and treatment-as-usual groups (25%) at 6 months (difference, Ϫ1.9% [CI, Ϫ10.4% to 6.6%]) (47) . A trial rated as low risk of bias also found similar proportions of binge drinkers in the e-intervention (47%) and control groups (45%) at 6 months (␤ = 0; SE = 0.01; P = 0.76) (46) .
In 5 trials rated as low to moderate risk of bias in students (37, 48, 49, 52) , e-interventions resulted in no statistically significant reduction in binge drinking (MD, Ϫ0.1 episode [CI, Ϫ0.6 to 0.4]) at 6-month follow-up. Effect sizes had moderate heterogeneity (Q = 8.8; P = 0.066; I 2 = 55%); 1 trial rated as low risk of bias that studied human support reported significant effects (44) .
Social Consequences
In the only trial rated as low risk of bias in adults (47), self-reported social problems were similar in the e-intervention group (mean, 5.9 points on the Short Inventory of Problems questionnaire [SD, 10.2]) and treatment-as-usual group (mean, 6.5 points [SD, 9.3]). For adults, the comparison group was usually a national population (n = 3) or age-matched adults (n = 3); for students, the comparison group was usually student peers (n = 7). ¶ Used once. For adults: cognitive behavioral therapy, computer monitoring, e-mail, global positioning system, homework, taking responsibility, text messaging, and values clarification. For students: homework and decisional balance exercise. ** Includes true WL, assessment only, and no treatment.
In 10 student trials rated as low to moderate risk of bias reporting 6-month follow-up (37-39, 48, 50, 53, 58), e-interventions had no statistically significant effect on social consequences (standardized MD, 0 points on the self-reported social consequences measure [CI, Ϫ0.10 to 0.10]); heterogeneity was low to moderate (Q = 20.1; P = 0.064; I 2 = 40%). In the 6 trials that reported 12-month follow-up (37, 39, 51, 54, 56, 58), e-interventions had no statistically significant effect on social consequences (standardized MD, 0.01 points [CI, Ϫ0.19 to 0.22]); these trials had high heterogeneity (Q = 30.0; P < 0.001; I 2 = 77%) that was due in part to an e-intervention trial rated as low risk of bias that included human support (39) . Removal of the trial rated as high risk of bias produced similar results (MD, Ϫ0.02 points [CI, Ϫ0.24 to 0.20]; I 2 = 77%).
Other Outcomes
No trials reported sufficient data to analyze effects on health-related quality of life, alcohol-related health problems, medical utilization, or adverse effects.
Effects of E-Interventions in Adults With Likely Diagnosis of an AUD
Three trials (2 rated as moderate and 1 as high risk of bias) that we describe qualitatively compared e-interventions with inactive controls in patients with a likely diagnosis of an AUD. In a subgroup of patients with alcohol dependence recruited from primary care, computerized feedback was combined with up to four 30-to 40-minute motivational interviewing phone counseling sessions conducted by psychologists (33).
At 12-month follow-up, the intervention and control groups did not differ in alcohol consumption (P = 0.62) or binge drinking (P = 0.69).
A trial that enrolled patients who completed residential AUD treatment included an interactive voiceresponse system and 3 online modules on commitment to abstinence, motivation, and cognitive behavioral advice, with calls from the study coordinator prompted by 2 missed days of interactive voice response or participant request (35) . At 6-month follow-up, abstinence was self-reported in 66.7% and 72.2% of intervention and control participants, respectively (difference, Ϫ5.6 percentage points [CI, Ϫ36.7 to 25.6]).
In another trial of patients who were recently discharged from residential AUD treatment, patients received a smartphone with an AUD application and data plan (32) . The application included guided relaxation exercises and alerts initiated by the Global Positioning System when participants approached high-risk locations. Counselors received assessments of relapse risk and could intervene by phone when risk was elevated. At 12 months, participants in the e-intervention group had increased odds of abstinence (odds ratio, 1.94 [CI, 1.14 to 3.31]) and decreased frequency of risky drinking (defined as >4 drinks per day for men or >3 drinks per day for women) (MD, Ϫ1.47 days per month [CI, Ϫ0.13 to Ϫ2.81]).
DISCUSSION
Compared with controls, we found limited evidence for small effects of e-interventions (consumption 
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of approximately 1 drink less per week) on alcohol outcomes in adults and college students who screened positive for hazardous alcohol use at 6 months or longer, with diminishing effects at 12 months. There were no clinically or statistically significant effects on meeting drinking limit guidelines, binge-drinking frequency, or social consequences. Few data were available on e-interventions for AUDs. Although effects suggested a trend toward benefits from e-interventions, such small effects alone may not be sufficient to improve health and social consequences of drinking, especially in the absence of data indicating that e-interventions effectively resulted in meeting drinking limit guidelines or reducing frequency of binge drinking.
Our findings differ from those of a review of inperson screening and brief intervention, which found that behavioral counseling decreased alcohol consumption by 3 to 4 drinks per week and that 11% more persons had maintained recommended drinking limits at 12-month follow-up or longer (4). However, many trials in the previous review used multicontact interventions, in contrast to the modal single-episode, computer-delivered interventions in the present review. Our findings for direction and magnitude of change in weekly alcohol consumption are similar to those of a previous e-intervention review of PsycINFO, MEDLINE, and EMBASE in May 2013 (17) , which also found a reduction in consumption of approximately 1 drink per week at 6-month follow-up or longer, with no clinically or statistically significant effect at 12 months or longer (17) . Another review of MEDLINE, PsycINFO, Science Citation Index Expanded, Social Sciences Citation Index, Arts & Humanities Citation Index, CINAHL, PubMed, and EMBASE in September 2013 found no statistically significant effect of e-intervention on alcohol consumption at 6 months or longer (13) .
The interventions discussed here may have successfully accomplished the desired aim of achieving small reductions in alcohol consumption with very little investment of clinical time. However, further research is needed to more confidently determine whether e-interventions can produce longer-term benefits and influence other clinically significant outcomes. If e-interventions are not designed to be robust enough to produce enduring benefits on other clinically significant outcomes, such as meeting drinking limits and improving physical health, then interventions that can improve these outcomes are needed. Although variability in treatment intensity was not sufficient to evaluate its effect on alcohol-related outcomes, exploratory quali- tative analyses suggest that more intensive interventions with higher-level supplementary human support (such as phone counseling) could improve engagement and effectiveness. Although brief e-interventions could be a cost-effective way to effect small reductions in alcohol consumption in many persons, it is worth considering the value of developing more intensive e-interventions. Such interventions could include cognitive behavioral coping strategies and exercises tailored to the individual, who would then have access to e-interventions for daily skill-building and coping with high-risk situations. This could yield greater improvement (14) without much of an increase in financial investment or clinician time. Because the primary cost of e-interventions is in development, once an intensive intervention is developed it could be delivered at a similar low cost to the existing brief interventions. E-interventions for alcohol misuse continue to be an area of interest. A search of ClinicalTrials.gov for e-intervention trials of alcohol misuse that would likely meet the review criteria for our review when completed found 17 ongoing trials, including 3 with mobile applications. As future e-intervention trials are being designed, they should complement measures of consumption with more measures of clinically relevant outcomes, such as drinking within recommended limits, which has the most established relationship with health outcomes (59) . The number of weeks of drinking within limits would also be a useful outcome variable for determining trial sample size. More data on episodes of binge drinking, alcohol-related health markers, social or legal impairment, and health-related quality of life are needed. Ideally, e-interventions for alcohol misuse will be developed with the aim of addressing not only hazardous use but also AUDs, because e-interventions can provide frequent support over time to prevent relapse. Alcohol consumption levels and patterns could be used to determine which treatment components and goals (for example, moderation vs. abstinence) are appropriate for the patient. For AUDs, intensive e-intervention combined with a degree of human counseling, either by e-mail or phone, will likely be necessary to produce effective results. Future research could use mobile health technology to improve engagement with the treatment; some early promising results have already been seen (32) . Use of corroborating evidence of abstinence or moderate alcohol use that does not rely on self-report, such as transdermal alcohol monitoring (60), would address recall bias and demand characteristics in e-intervention research.
The most common study limitations that increased risk of bias were lack of participant blinding to study condition, which is difficult in a behavioral trial, and incomplete or perceived potential for selective reporting of outcome data (Appendix Table 4 , available at www .annals.org), suggesting the possibility of inflation of estimated effects due to selective reporting of statistically significant differences in favor of e-interventions. The literature is also limited by a dearth of trials and lack of variability in e-intervention subtypes to conduct analyses to determine which intervention components and features are most effective. This review included several analyses with moderate to high heterogeneity, which seemed to be heavily influenced by inclusion of more intensive treatments that involved more interaction with e-interventions, interactive voice response, human support, or some combination of these treatment components. Previous research found that assessment itself was associated with decreased alcohol consumption, which potentially obscured e-intervention effects. These limitations constrained our evaluation of factors that contributed to variable treatment effects.
E-interventions generally reduced alcohol consumption, but effects were small (approximately 1 drink less per week) and no effect was maintained to 12 months. More clinically significant measures, such as meeting drinking limit guidelines, need to be measured in clinical trials and targeted by e-interventions. More intensive interventions with extended interaction between the person and the e-intervention and possibly human support could produce more robust, enduring benefits with the possibility of improved health and decreased alcohol-related impairment. A "Moderate risk" study is susceptible to some bias but probably not enough to invalidate the results. The study may be missing information, making it difficult to assess limitations and potential problems (unclear risk). As the moderate risk category is broad, studies with this rating vary in their strengths and weaknesses. (Most, but not all of the following items are rated low risk: Items 1a and 1c; 2a; 3b and 3c; and 4a.)
A "High risk" rating indicates significant bias that may invalidate the results. These studies have serious errors in design, analysis, or reporting; have large amounts of missing information; or have discrepancies in reporting. The results of a high-risk study are at least as likely to reflect flaws in the study design as to indicate true differences between the compared interventions. (At least one half of the individual quality items are rated high risk or unclear risk.) 
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